The aim of this study was to investigate the effect of Bacillus subtilis var. natto N21 (BAC) and Saccharomyces cerevisiae Y10 (SAC) fermented liquid feed (FLF) during different incubation times on the growth performance, relative organ weight, intestinal microfl ora, and organ antioxidative status in Landes geese. Two hundred forty male Landes geese (10 wk old) with the BW of 4.163 ± 0.108 kg were selected for a 3-wk trial and randomly allotted to 3 treatments according to their BW (10 replicates/ treatment and 8 geese/replicate). The treatments included 1) CON, dry basal feed (corn-soybean basal diet mixed with water) before feeding (2:1 wt/wt), 2) FLF24, 24 h FLF, and 3) FLF48, 48 h FLF. The FLF diet was prepared by storing basal diet with 10 9 cfu/g feed of each BAC and SAC and water (2:1 wt/wt) in a closed tank at 20°C fermented for 24 or 48 h. The BW gain and feed intake of geese fed FLF24 and FLF48 was greater (P < 0.05) than CON treatment. Feeding geese with FLF24 and FLF48 feeds increased (P < 0.05) the relative weight of leg muscle whereas the liver was heavier (P < 0.05) in FLF48 treatment than CON and FLF24 treatments. The FLF24 and FLF48 increased (P < 0.05) the Lactobacillus population and depressed (P < 0.05) Escherichia coli population in small and large intestine. The high-density lipoprotein cholesterol concentration was greatest (P < 0.05) in FLF48 whereas the total cholesterol and low-density lipoprotein cholesterol was less (P < 0.05) in FLF24 and FLF48 treatments than CON. Geese fed FLF48 diet had greater glutathione peroxidase activity and less malondialdehyde content in heart and liver than those fed CON diet. In breast muscle, the superoxide dismutase activity were increased (P < 0.05) by FLF24 and FLF48 treatments than CON diet. In conclusion, the results indicated that feeding geese with BAC and SAC mix FLF can improve growth and feed intake, modulate the intestine ecology, and decrease the blood cholesterol concentrations; it also can improve the antioxidative status of organs and breast muscle.
INTRODUCTION
Animal diet plays an important role in the establishment and maintenance of the gastrointestinal tract (GIT) microbiota (Patterson and Burkholder, 2003) . Fermented liquid feed (FLF) contains increased concentrations of lactic acid and large numbers of lactobacilli and has a low pH (Scholten et al., 2001; van Winsen et al., 2001) . Feeding FLF improves GIT microbiota ecology and inhibits the growth of harmful bacteria, such as coliforms and Salmonella spp., in the GIT of pigs (Scholten et al., 1999; van Winsen et al., 2001; Højberg et al., 2003) and birds (Heres et al., 2003; Stipkovits et al., 2004) .
Previous researches had claimed that fermented feed enriched in lactic acid bacteria (LAB), including lactobacilli and bifi dobactria (van Winsen et al., 2001; Canibe and Jensen, 2003; . The LAB was found to infl uence metabolism in the host tissue, in particular the gastrointestinal mucosa and the liver (Rabot et al., 2010) . The LAB have an immunomodulatory effect (Timmerman et al., 2007; Lutgendorff et al., 2008) and can decrease glutathione peroxidase (GSH-Px) levels to reduce intestinal oxidative stress (Bengmark and Martindale, 2005; Peran et al., 2006 Peran et al., , 2007 . Also, the inclusion of bacteria such as Lactobacillus cultures reduces serum cholesterol in broilers (Jin et al., 1998) .
The nutritional properties of fermented feed depend on the fermented starter (bacteria culture used to start fermentation), substrates, and fermentation condition (temperature and incubation time) used (Awati et al., 2006) , of which little is known. Presently Bacillus subtilis, Lactobacillus, and Saccharomyces are the major strains applied in broilers (Jin et al., 1996; Santoso et al., 2001) . Feed fermented with Bacillus subtilis var. natto N21 (BAC) and Saccharomyces cerevisiae Y10 (SAC) were found to increase BW and feed intake of broiler (Chen et al., 2009 ). However, literature about application of BAC and SAC fermented feed to Landes geese is lacking. Therefore, this study was conducted to investigate the effects of FLF inoculated with BAC and SAC under different incubation times on the growth performance, relative organ weight, intestinal microfl ora, and organ antioxidative status in Landes geese.
MATERIALS AND METHODS
All birds used in this trial were handled in accordance with the guidelines set forth by Animal Care and Use Committee of Henan Agriculture University.
Fermented Feed Preparation
A goose feed, based on a commercial composition (see Table 1 ), was supplied in dry form as the control groups. The fermented feed was prepared in an 80-L fermentor (Applicon Dependable Instruments, Schiedam, The Netherlands). Two parts feed was mixed with 1 part sterile water (30 min at 600 rpm and 20°C). The culture included BAC and SAC powder, which were added in a concentration of approximately 10 9 cfu/g of feed. Feed fermentation was continued to 24 or 48 h. This product was mixed thoroughly and stored at 4°C until use within 3 d. Feed was administered in troughs with a wired cover and was refreshed daily.
Animals and Housing
Two hundred forty 10-wk-old male Landes geese (BW of 4.163 ± 0.108 kg) were raised in house with stainless steel pens of identical size (1.75 by 1.55 m) with concrete fl oors covered with clean rice bran in area that was provided with continuous light. The temperature and relative humility of the room was maintained at 24°C and 65 to 70%, respectively, until the end of the experiment.
Diets and Feeding
The birds were randomly allotted into 1 of 3 dietary treatments for 3 wk trial. The composition of the basal diet is shown in Table 1 . The treatments included 1) CON, dry basal feed (corn-soybean basal diet mixed with water), 2) FLF24, 24 h FLF, and 3) FLF48, 48 h FLF. There were 10 replicate pens per treatment with 8 birds per pen. All diets were formulated to meet or exceed the dietary nutritional requirements of the geese reported by the NRC (1994). The birds were given free access to water and feed.
Sampling and Measurements
The geese were weighed by pen and feed intake (FI) was recorded weekly. This information was then used to calculate BW gain (BWG) and feed conversion rate (FCR). At the end of the experiment, 30 birds were randomly selected from each treatment (3 birds per replicate pen) and blood samples (10 mL) were selected from the wing vein into a sterile syringe and immediately 3 The ME of the diet was calculated according to NRC (1994).
transferred into both nonheparinized vacuum tubes and vacuum tubes containing K 3 EDTA (Becton, Dickinson and Co., Franklin Lakes, NJ) to obtain serum and whole blood, respectively. Samples for serum analysis were centrifuged at 3000 × g for 15 min (at 4°C), after which the serum was separated and stored at -20°C for further analysis. These 30 geese were then killed after a 12-h feed withdrawal via CO 2 inhalation and the contents of their small and large intestine were extracted. The geese were scalded with hot water to pluck feather and GIT and associated organs were carefully removed. The weights of eviscerated and half-eviscerated carcasses were determined using the following formula:
Eviscerated yield % = [BW -weight (feather + GIT + organs)]/BW × 100; Half-eviscerated yield % = [BW -weight (feather + GIT + organs except heart and liver)]/BW × 100.
The samples of heart, liver, and leg and breast meat were collected and weighed immediately. The samples were pooled per replicate and frozen in liquid N and stored at -20°C until analyzed. The contents samples of small and large intestine from different geese from the same pen were then pooled together and immediately transferred on ice to lab within 20 min for subsequent analysis of the bacterial populations.
Intestinal Microbial Populations
One gram digesta sample from each pen was diluted (by serial dilution from 10 -4 to 10 -7 ) with 9 mL of 1% peptone broth (Becton, Dickinson and Co., Franklin Lakes, NJ) and then mixed with stomacher (Seward stomacher 400) for 2 min. These initial mixtures were immediately placed in an anaerobic chamber to minimize exposure to oxygen for anaerobe enumeration, and the mixtures were then removed to chamber for aerobic enumeration. For anaerobic culture, 50 μL of each serial dilution was plated in duplicate onto media inside the anaerobic chamber. Inoculated petri dishes were then placed in canning jars with tightened lids and were subjected to a vacuum before sealing. Jars were then placed in convection incubators for appropriate culture conditions. Three media were used as follows: 1) medium 10 (Caldwell and Bryant, 1966) for enumeration of anaerobes, 2) lactose MacConkey agar plates (Difco Laboratories, Detroit, MI) for Escherichia coli, and 3) lactobacilli medium III (Medium 638, DSMZ, Braunschweig, Germany) agar plates for Lactobacillus. For aerobe culture, serial dilutions were removed from the anaerobic chamber and petri dishes were inoculated and placed directly into incubators. Escherichia coli were incubated aerobically at 37°C for 24. Anaerobic cultures included total anaerobes and Lactobacillus and were incubated for 48 h at 39°C under anaerobic conditions. Bacteria were enumerated by visual count, disregarding atypical colonies. The media used to determine E. coli from other coliforms was according to Franklin et al. (2002) and also confi rmed by our previous studies (Wang et al., 2009 ).
Organ Antioxidative Status
The levels of enzyme activities in tissues (heart, liver, and breast meat) including total superoxide dismutase (SOD) and malondialdehyde (MDA) were analyzed using an automatic clinical chemistry analyzer (Roche, Cobus-Mira-Plus, Roche Diagnostic System Inc., Branchburg, NJ) by Green Gross Reference Lab (Guseong-gu, Yongin-si, Kyunggi-do, South Korea). The GSH-Px content in heart and liver tissue was determined using commercially available ELISA kits (Quantikine, R&D Systems, Minneapolis, MN).
Chemical Analyses
Fermented feed samples were taken after 0, 12, 24, 36, and 48 h of incubation when every new FLF made (6 samples/time) and used to analyze the concentration of lactic acid and acetic acid and the counts of LAB, Enterobacteriaceae, and pH value according to the method described by Canibe and Jensen (2003) .
The chemical compositions of diets (7 samples/ treatment, 6 samples/fermentation time point, and 42 total samples/treatment) were analyzed in triplicates for DM (method 930.15), CP (method 990.03), crude fat (method 920.39), crude fi ber (method 962.09), and crude ash (method 942.05) as described by AOAC International (1995). Low molecular weight (LMW) sugars (the sum of glucose, fructose, and sucrose) and nonstarch polysaccharides (NSP) were measured following the method of Bach Knudsen, and Li (1991) .
The concentrations of total protein, glucose, albumin, and globulin in the serum samples were analyzed with an automatic biochemical analyzer (RA-1000; Bayer Corp., Tarrytown, NY) using colorimetric methods. Serum total cholesterol, highdensity lipoprotein (HDL) cholesterol and lowdensity lipoprotein (LDL) cholesterol concentrations, and triacylglycerol (glycerol-3-oxidase-peroxidaseenzymatic-colorimetric) concentrations were analyzed by an automated Vitros 350 analyzer (Otho-Clinical Diagnostic, Johnson & Johnson, Rochester, NY). The levels of enzyme activities including aspartate amino transferase (AST) and alanine aminotransferase (ALT) were analyzed using an automatic clinical chemistry analyzer (Roche, Cobus-Mira-Plus, Roche Diagnostic System Inc.).
Statistical Analyses
Chemical composition and animal experiment data (growth, organ weight, intestine microfl ora, and blood characteristics) were analyzed using GLM procedure (SAS Inst. Inc., Cary, NC), with the each feed sample and pen as the experimental unit, respectively. Before carrying out statistical analysis of microbial counts, logarithmic conversion of the data was performed. Differences among all treatments were separated by Duncan's multiple test, with a P ≤ 0.05 indicating signifi cance. Results are presented as mean ± SEM. Table 2 presents the chemical composition of the experimental diets. The levels of LMW sugars were reduced (P < 0.05) by fermentation, with values decreasing from 3.8% in CON to 2.1% in FLF24 and 0.1% in FLF48. The unsoluble nonstarch polysaccharides and total nonstarch polysaccharides did not differ among treatments whereas pH was lowest in FLF48 among treatments and FLF24 had signifi cantly lower (P < 0.05) pH value than dry feed. The chemical analysis data of the feed indicated that the LMW carbohydrate may serve as the fi rst substrate, without using (or using only to a small extent) starch and NSP, for microorganism proliferation during the earlier fermentation process (<72 h), which is in agreement with the results of Jensen and Mikkelsen (1998) and Canibe and Jensen (2003) . When the feed was fermented more than 72 h, the starch and NSP might be capable of being used as the substrate Højberg et al., 2003) . The LAB increased from <3.5 log cfu/g of sample to 8.9 log cfu/g during the 48-h fermentation (Fig. 1) . The Enterobacteriaceae counts increased during the fi rst 12 h and decreased as the incubation time increased (Fig. 1) . The pH value of FLF has been previously reported to decrease as the incubation time increases (Scholten et al., 2001) and in the present study the pH of FLF steadily decreased from 24 to 48 h (Fig. 2) .
RESULTS AND DISCUSSION

Feed
Growth Performance and Relative Organ Weight
Geese fed FLF24 and FLF48 feed diets had greater (P < 0.05) FI and BWG than those fed CON diet throughout the whole experiment (Table 3) . There was no difference in fi nal BW and FCR among treatments. .20 ± 0.14 a 5.87 ± 0.12 b 4.15 ± 0.12 c a−c Means in the same row with different superscripts differ (P < 0.05). 1 CON = basal dry feed (DM = 89.1%) with water before feeding (2:1 wt/wt); FLF24 = 24 h fermented liquid feed (basal dry feed with 24 h fermentation); FLF48 = 48 h fermented liquid feed (basal dry feed with 48 h fermentation). Data were presented as mean ± SEM.
2 n = 42 indicate 7 samples/treatment, 6 samples/fermentation time point, and 42 total samples/treatment.
3 LMW (low molecular weight) sugars = the sum of glucose, fructose, and sucrose.
4 UNSP = unsoluble nonstarch polysaccharides.
5 TNSP = total nonstarch polysaccharides. The relative weight of leg muscle was greater (P < 0.05) in FLF24 and FLF48 than CON treatment whereas the relative weight of liver was greater (P < 0.05) in FLF48 compared with CON treatment (Table 4) . No difference was observed in percentage of one-half and all eviscerated yield, relative weight of bursa of Fabricius, and breast muscle among dietary treatments.
Fermented diets contain a certain amount of lactic acid and benefi cial bacteria (i.e., LAB), which can improve the GIT ecology of animals and inhibit the growth of harmful bacteria, such as coliforms and Salmonella spp. in the GIT (Scholten et al., 1999 (Scholten et al., , 2001 van Winsen et al., 2001; Canibe and Jensen, 2003; Højberg et al., 2003) . Similarly, we observed that the LAB counts and lactic acid concentration were signifi cant greater in FLF24 and FLF48 than in CON treatment (Table 5) . In previous studies, the effect of feeding FLF on growth of pigs was not consistent (Moran, 2001; Lawlor et al., 2002; Canibe and Jensen, 2003) . Data on the effect of feeding FLF to geese on growth performance are limited. Chen et al. (2009) also found that feeding BAC and SAC FLF increased BW gain and feed intake of broilers. The data on feed intake were not consistent. reported that the fermented feed decreased the feed intake of piglets. This may be due to low pH combined with high concentration of some fermentation metabolites (e.g., acetic acid, biogenic amines) in FLF, which has been suggested to impair its palatability (Brooks et al., 2001; Moran, 2001 ). In our current study, the acetic acid proportion is not different between treatments (P > 0.05; Fig. 3 ). As confi rmed by previous research, the nutrient properties of FLF depend on factors including fermented starter (bacteria culture used to start fermentation), substrates, and fermentation condition (e.g., temperature and incubation time; Awati et al., 2006; . Currently, the numbers of LAB and lactic acid content increased during the initial 48 h, and FLF48 contained more LAB and lower pH value than FLF24, which agreed with Scholten et al. (2001) . These differences in nutrient properties did not result in improved performance between FLF48 over the FLF24 treatment, but the large SE may be partly responsible for the lack of difference in fi nal BW and FCR among treatments.
The leg muscle weight was increased by the fermented feed (in spite of the incubation time), which may be attributed to the improving nutrient availability of feed. Chen et al. (2009) found that BAC + SAC fermented feed can increase GE availability of broilers. Moreover, we observed that the FLF48 birds had greater liver weight than CON and FLF24 groups. The GIT is the largest immune organ of animals. Exogenous addition of probiotics can moderate the immune response and nutrient deposition. However, Matur et al. (2010) reported that SAC extract did not affect relative organ weight. Chen et al. (2009) reported that BAC + SAC fermented feed decreased the relative liver weight in broilers. The liver is the main lipogenic organ in poultry and inconsistent results may due to different animal species and ages.
Intestinal Microfl ora
The FLF24 and FLF48 increased (P < 0.05) the Lactobacillus population and depressed (P < 0.05) the E. coli proliferation in the small and large intestines ( Table 5 ). Total anaerobes in the large intestine were decreased (P < 0.05) by FLF24 and FLF48 treatments compared with the CON treatment.
It is evident that feeding FLF has a great impact on the indigenous microfl ora population. This is mainly due to that fermented feed contains increased concentrations of lactic acid and large numbers of lactobacilli and has a low pH (Scholten et al., 2001; van Winsen et al., 2001; Missotten et al., 2009) . Also, the LMW carbohydrates were fermented mainly to lactic acid in the FLF before being fed to animals (Table 2 ; Fig. 3 ), which may reduce the nutrient availability for the bacteria. This may explain the fi nding that feeding FLF led to a reduction in the large intestine of the total counts of anaerobic indigenous bacteria, which is in agreement with the results of van Winsen et al. (2001) , Canibe and Jensen (2003) , and Højberg et al. (2003) , who demonstrated that feeding pigs with FLF can decrease the coliform bacteria (using E. coli and Salmonella spp. as the indicator organisms) in the contents of stomach, ileum, cecum, colon, and rectum. Also, the same authors found that the numbers of total lactobacilli were signifi cantly greater in the stomach and ileal contents of pigs fed fermented feed compared with the contents of pigs fed dry feed. However, Chen et al. (2009) found that the digestive pH value, numbers of coliforms (E. coli), and Lactobacillus population were not infl uenced by fermented feed by BAC + SAC in 39-d-old broilers. These inconsistent results may be attributed to the different nutrient properties of FLF used, which may be characterized regarding microbial counts, lactic acid, short chain fatty acids concentration, and biogenic amine concentration. There was no difference between FLF24 and FLF48 concerning the effect on intestinal microfl ora. Generally, the pH value of the intestinal contents plays an important role on the microfl ora. However, the pH difference between 48 h than 24 h in the current study did not alter the microfl ora.
Blood Characteristics and Organ Antioxidative Status
The HDL cholesterol concentration was greater (P < 0.05) in the FLF48 treatment than CON whereas LDL cholesterol and total cholesterol concentrations were reduced (P < 0.05) in the FLF24 and FLF48 treatments than in CON (Table 6) . No difference was observed in blood glucose, total triglycerides, total protein, albumin, globulin, AST, and ALT activity.
Although not always consistent, the cholesterol reducing effects of fermented milk and some probiotics bacteria strains have been demonstrated in young humans (Gill and Guarner, 2004; Koteyko, 2010; Rabot et al., 2010) , which is in agreement with the current study. Jin et al. (1998) also reported that bacteria such as Lactobacillus cultures reduce serum cholesterol in broilers. The mechanism is not clear yet. It may because that the bacterial cells can assimilate cholesterol and deconjugate bile acids by bacterial acid hydrolases (reduced cholesterol reabsorption, increased cholesterol excretion of deconjugated bile salts, and increased cholesterol uptake by LDL receptor pathway in the liver as a compensatory response) because of cholesterol binding to bacterial cell walls and inhibition of hepatic cholesterol synthesis and/or redistribution of cholesterol from plasma to the liver (through the action of short chain fatty acids, the end product of carbohydrate fermentation in the gut). Except for HDL cholesterol, which was greater in FLF48 than FLF24 treatment, we did not observe any difference in blood cholesterol concentrations in response to different incubation times, which may suggest that the microfl ora and/or their metabolites or pH value vary within 48 h, perhaps slightly infl uencing the host lipid metabolism. Further studies need to study the dynamic alteration of bacteria strain at different incubation times.
Geese fed the FLF48 diet had greater GSH-Px activity and decreased (P < 0.05) MDA content in heart and liver than those fed CON diet (Table 7) . In breast muscle, the SOD activity was increased (P < 0.01) and MDA content was decreased (P < 0.01) by FLF24 and FLF48 treatments, compared with the CON diet. The intestinal microfl ora of an animal is the fi rst barrier in protecting the host from diseases caused by colonization of pathogens in the GIT (Patterson and Burkholder, 2003) . Aerobic organisms, which use oxygen in the energy-generating process, are susceptible to damage caused by small amounts of reactive oxygen species (ROS), such as superoxide anion, hydroxyl radical, hydrogen peroxide (H 2 O 2 ), and unstable intermediates of lipid peroxidation. In this study, the activity of GSHPx was greater in the heart and liver in FLF48, and the MDA was lower. Enzymes such as GSH-Px and SOD work in conjugation with reduced glutathione and are known to scavenge H 2 O 2 and lipid peroxides. This may suggest that the fermented feed rich in lactic acid and benefi cial bacteria can reduce the oxidative stress in geese. Likewise, previous studies also demonstrated that Lactobacillus bacteria decrease the accumulation of ROS in animal cells and may therefore be supplemented orally in stressed broilers to reduce oxidative damage (Madsen et al., 1999; Bengmark and Martindale, 2005; Peran et al., 2006 Peran et al., , 2007 . Lutgendorff et al. (2008) not only demonstrated the ability of probiotics to augment the antioxidative defense but also underscored the importance of oxidative stress and the endogenous antioxidative defense mechanisms during the early phase of acute pancreatitis. To our knowledge, there is no literature about the FLF on the organ antioxidative status in poultry, especially under normal healthy conditions (without stress challenge). Except that FLF24 did not reduce the MDA content in liver, both FLF24 and FLF48 exerted benefi cial infl uence on organ antioxidative status. No differences were observed between FLF24 and FLF48 treatments on the organ antioxidative status. Feeding FLF24 did not reduce the MDA concentrations in liver. Due to the complex kinetic model of the bacteria strain during the fermentation phase, we are not sure what kind of bacteria induced the reduction effect on antioxidative status.
In conclusion, feeding geese with FLF can increase growth performance and leg muscle weight and can modulate the intestinal microfl ora ecology. The blood cholesterol reduction effects are also mirrored and the organ and breast meat antioxidative status can also be improved by feeding FLF. In addition, there was slight difference between 24 and 48 h incubation times of fermented feed. Further research is necessary to build a complex kinetic model of the bacterial strains during the fermentation phase. 
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